**Background Information and Event Highlights:** The Annual St. Luke\'s University Health Network (SLUHN) Quality Awards Program (QAP) was held October 25, 2018 at the University Hospital in Bethlehem, Pennsylvania. This special event marked the QAPs 11th year of recognizing network-wide contributions to improve the quality of care provided to our patients and community.

The program recognizes various innovative ideas and contributions made by staff, primarily intended to increase efficiencies, raise standards, and improve care and services provided to our patients and the regional community. The QAP criteria align with SLUHN\'s mission, unwavering commitment to excellence, the creation of superior value, and making the patient our highest priority.

This year\'s program received 29 submissions. One of the most important aspects of the QAP is the focus on post-implementation sustainability. As a testament to this, many of the projects saw expanded implementations across the network, additional institutional investment, national recognition, and scholarly publications. Furthermore, the dissemination of quality initiatives throughout the network resulted in numerous innovations, process efficiencies, best practices, improvements in patient care, and better overall organizational performance.

Many of the SLUHN quality projects are also submitted to other award programs. The Hospital and Healthsystem Association of Pennsylvania (HAP) honors hospitals and health systems for their innovation, creativity, and commitment to patient care through an annual Achievement Awards program. There were 127 entries competing in the 2019 program, with 14 winners recognized across four categories. One of those awards was presented to SLUHN. The winning team was recognized at HAP\'s Patient Safety, Quality and Sepsis Symposium on September 23, 2019. The "In Safe Hands Award" was presented to St. Luke\'s University Health Network, Bethlehem Campus for the project: "Developing an Industry-Leading Vaccine management Program."

In this issue of the International Journal of Critical Illness and Injury Science, we will present selected long abstracts from the past two award years, focusing on the highest quality submissions and QAP winners. Each abstract listing features primary authors while also fully recognizing all scientific contributors and participating quality project team members. As in previous years, each long abstract is uniformly structured and consists of an introductory section, project aim/objective, methods, results, sourced/referenced discussion, and conclusions.

**Ethical conduct of research:** All of the projects published herein underwent required approval process by the St. Luke\'s University Health Network Institutional Review Board. In addition, the authors/teams were required to follow applicable EQUATOR Network (<http://www.equator-network.org/>) guidelines during the conduct of research.

ABSTRACT NUMBER 1: Improving Sepsis Care: A University Health Network Initiative
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**Year of Submission:** 2018

**Introduction:** The incidence of sepsis is increasing and it continues to be a major healthcare challenge world-wide, with roughly 1.5 million cases per year.\[[@ref1][@ref2][@ref3]\] In fact, documented annual cases of sepsis may be increasing by as much as 9%-13%.\[[@ref1][@ref3][@ref4][@ref5][@ref6]\] Mortality associated with severe sepsis remains high at 30-50%, and may approach 60% when septic shock develops.\[[@ref7][@ref8]\] The "Surviving Sepsis Campaign," a global initiative of the Society of Critical Care Medicine and European Society of Intensive Care Medicine, sought to create awareness, improve recognition and enhance treatment of sepsis, with the goal of reducing mortality rates associated with the condition through the use of a protocolized "Sepsis Bundle".\[[@ref9][@ref10][@ref11]\] This protocol, now a part of the Centers for Medicare and Medicaid Services (CMS) compliance metrics, referred to as SEP-1, has been shown to reduce overall hospital mortality in sepsis patients.\[[@ref2]\]

In addition to the above considerations, an aging population, complex co-morbidities, and the spread of antibiotic-resistant organisms all contribute to the increased incidence and severity sepsis.\[[@ref8][@ref12]\] Furthermore, from economic perspective sepsis is considered to be among the most expensive medical conditions. It has been estimated that sepsis creates a financial burden of \$20-\$24 billion per year at the national level.\[[@ref4][@ref13][@ref14]\]

**Aims and Objectives:** The primary objective of this quality improvement initiative was to increase the rates of early initiation of goal-directed therapy (GDT). This entailed prompt identification and treatment of patients suspected of having severe sepsis or septic shock. Our specific aim was to improve our CMS sepsis bundle compliance from approximately 50% to \>70% within a 1-year timeframe. The following key measures were implemented to help achieve our goals:

The creation of a multidisciplinary Electronic Medical Record (EMR) order set that could be used for quick sepsis screening.The adjustment of our Network\'s critical lab value for lactate to \>2 mmol/LThe development of a formal, protocolized "Sepsis Alert" process \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}.

![Screening and management tools that were eventually implemented into Electronic Medical Record](IJCIIS-9-206-g001){#F1}

![Early identification and management algorithm](IJCIIS-9-206-g002){#F2}

**Methods:** Multiple strategies and interventions were implemented during the process in order to improve early identification and treatment of septic patients \[[Figure 2](#F2){ref-type="fig"}\]. Initial strategies focused on translating an existing paper-based processes and tools into the EPIC™ EMR, as well as the creation of new tools such as Best Practice Alerts/Advisories (BPAs). The initial EMR tools included "Sepsis Order Set" and a screening tool for nurses. The sepsis order set featured items required to meet the CMS guidelines including baseline lactate level, repeat lactate after 2 hours, and the administration of a weight-based fluid bolus. A "Sepsis Navigator" was created to provide one convenient reference point for all "Sepsis Tools", including links to order sets, documentation forms, flow sheets for providers, and summary of sepsis care. An algorithm explaining the process was developed to guide the evidence-based care and ensure the sepsis bundle was followed \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Corresponding materials were distributed as posters and pocket cards across our Health Network. The CMS list of approved antibiotics was also simplified to align with our Network\'s formulary.

Following these implementations, a Grand Rounds presentation was provided to the Network and recorded for later viewing by those unable to attend. Providers were given continuing medical education (CME) credits to further incentivize participation. Key educational points included the lowering of "critical lab value" for lactate (to 2.0 mmol/L) to help identify early sepsis. Our laboratory has a mandatory provider notification mechanism that communicates all "critical lab values" and sends a reminder to repeat lactate when necessary.

A "sepsis alert" (SA) process was piloted at one of our Network\'s emergency departments (ED) and then implemented in all EDs as well as acute care areas. The SA activates "rapid response" teams (RRT) to help facilitate the implementation of the "sepsis alert" protocol (SAP) by bringing additional resources to the bedside if needed. The alert system requires collaboration with telecommunication services, RRT, hospital supervisors, laboratory services, radiology services, pharmacists and providers at all levels, both in the inpatient and ED settings. In addition, EPIC™ EMR order sets were appropriately updated to optimize weight-based fluid orders.

Finally, a predictive analytics model was developed using an in-depth review of medical record data from our acute care floors and EDs. The predictive score was based on \>80 attributes and developed using data gathered between January-June 2017. Subsequent analyses identified appropriate trigger levels for the predictive model, with a score of 7% used to identify the need for a nurse to screen the patient for sepsis and notify the provider with any positive screens. A score of 9% prompted for a screen as well, with providers notified in cases of both positive and negative screens. The model was then implemented across the entire Network in January 2018, following mandatory provider education.

During the baseline period and prior to our interventions, between October 2015 and September 2016, compliance with the protocol was inconsistent. The overall network compliance with the "Sepsis Bundle" (SB) was only 46.4%. As true benchmark was not available, the target of ≥70% SB compliance was identified as a reasonable goal based on comparison data originating from publically available sources. Additional descriptive analyses, as appropriate, were conducted using the International Statistical Classification of Diseases and Related Health Problems (ICD) list by the World Health Organization (Geneva, Switzerland).

**Results:** Bundle compliance for the Network surpassed the 70% mark in July of 2017 (a 50% increase from baseline) and has since been sustained. The CMS-defined "top decile" target of 76% was subsequently attained in November 2017 (a 63% increase from baseline) and has also since been sustained \[[Figure 3](#F3){ref-type="fig"}\]. Since this is a CMS mandatory reported and publicly displayed measure, abstraction for bundle compliance continues and is shared throughout the Network on a monthly basis. Simultaneously, the team continues to monitor our sepsis mortality. We were able to maintain our strong performance around the top decile (top decile is about 5.42%, top quartile is about 7.19%) in the Premier (Charlotte, North Carolina, USA) database \[[Figure 4](#F4){ref-type="fig"}\].

![Network Centers for Medicare and Medicaid Services September 1 bundle compliance](IJCIIS-9-206-g003){#F3}

![Network mortality performance -- Premier top decile is about 5.42%](IJCIIS-9-206-g004){#F4}

We also monitored patient volumes for severe sepsis with shock (ICD-10 code R65.21) and severe sepsis without shock (ICD-10 code R65.20). We found that over time fewer patients were progressing along the sepsis continuum to septic shock (severe sepsis with shock). After annualizing data for clinical year 2018, we expect to see 5.2% fewer septic shock cases which equates to an absolute 50 case reduction. The estimated total cost for a patient with septic shock is about \$29,243. The estimated added cost for a patient with severe sepsis (without shock) is about \$15,525. The resultant difference in cost (or \$13,718) multiplied by approximately 50 patients contributed to an estimated \$685,900 reduction in total costs.

**Discussion:** Healthcare institutions continue to face challenges regarding early identification and timely management of sepsis. With more hospitals switching to EMRs, the opportunity emerged of practical application of EMR tools to help screen and quickly identify high-risk patients.\[[@ref15][@ref16]\] At the same time, it is important to acknowledge that early detection of sepsis though EMR-based tools may not be sufficient by itself.\[[@ref17]\] Early goal directed management is the key to successful treatment and containment of active sepsis, and is the most critical component of stopping the progression to septic shock and multi-organ failure.\[[@ref18]\] Given that the current project was successful in decreasing the rate of sepsis progression in patients and helped increase our 3-hour SB compliance, we consider this intervention a success. Using this as a springboard for further quality improvement initiatives, we embraced an expanded program that utilizes a robust EMR-based predictive analytics model. We anticipate that the continued re-evaluation and refinement of the predictive analytics process, along with ongoing efforts to improve our SAP, will enable us to expand its use to other areas of care, well beyond sepsis.

In the meanwhile, our team continues to focus on documentation and workflow improvements to incorporate within the existing EMR framework. We hope this will make the overall process easier for our care providers, further enhancing protocol compliance. Future work includes focus on aftercare for the sepsis patients, including readmission reduction for this high acuity patient population (as well as additional financial/resource utilization considerations). The SB/SAP and predictive analytics models have been used in other studies and have been shown to be effective in improving outcomes.\[[@ref19][@ref20]\]

There are important limitations of this report, including its retrospective nature and single-institution implementation. This makes applicability and reproducibility of our data across other acute care settings and/or hospitals difficult. In addition, we did not fully account for some of the common physiological indices when performing analyses. Thus, our data may contain biases inherently associated with such approaches. Additionally, other studies have shown similar low performance at rollout of SEP-1 with subsequent improvement after the first year of the metric, similar to our data.\[[@ref21]\] Given the retrospective nature of this project, we are unable to assess if our improvement aligns or surpasses that of other early adopters of SB/SAP. Ongoing monitoring is necessary to ensure these efforts sustain compliance. Finally, it is important to acknowledge that with our data representing approximately 3 years of results, temporal bias may be present.

**Conclusion:** Patient outcomes in the area of sepsis management improved following the implementation of SB/SAP at our institution. As we continue to refine the predictive analytics process, we hope that the SAP will continue to reduce the number of escalations from sepsis to septic shock, and thus help improve overall patient mortality. We also hope to apply our experiences with the SB/SAP model in other clinical areas.

ABSTRACT NUMBER 2: Reducing Surgical Site Infections in the Open Heart Surgery Population
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**Introduction:** Sternal wound infections (SWIs) after cardiac surgery \[coronary artery bypass graft (CABG) or valve replacement/repair (VR)\] are associated with increased morbidity and mortality, prolonged lengths of stay, and increased hospital costs.\[[@ref22][@ref23]\] Rates of deep SWIs are publicly reported through the STS (Society of Thoracic Surgeons, Chicago, Illinois, USA) registry and are shared with the NHSN (National Healthcare Safety Network, Atlanta, Georgia, USA). These metrics are intended to be utilized as surrogate markers of the quality of surgical services provided to patients. The incidence of superficial SWIs is 0.5-8% with associated morbidity and mortality of 0.5-9%, whereas the incidence of deep SWIs is ranges between 0.5--6.8% with mortality rates from 7--47%.\[[@ref24]\]

Postoperative management strategies range from simple incision and drainage of superficial infections, to the complex wound debridement and reconstruction required for cases of severe mediastinitis.\[[@ref24][@ref25]\] The development of post-sternotomy SWIs is a major area of concern due to the impact it plays on patient recovery and the financial burden that may be associated with it. For this reason, multiple studies have sought to minimize the factors contributing to SWIs, with a goal of reducing the incidence of these infections.\[[@ref26][@ref27][@ref28]\] Although it is not possible to isolate a singular cause, the literature supports a number of common perioperative factors that influence the development of SWIs, each with varied degrees of modifiability. These factors include male gender, obesity, diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), prolonged ventilation, previous cardiac surgery, and use of bilateral mammary arteries.\[[@ref29]\]

In August 2016, the cardiothoracic surgery (CTS) team at St. Luke\'s University Hospital in Bethlehem, Pennsylvania (SLUHN) identified an early indication that wound complications following open heart surgery (OHS) procedures may be increasing. This was the first time since 2012 that such complications occurred at the University Hospital. As a result, a multidisciplinary workgroup was formed to focus on quality of care and patient safety (PS) concerns surrounding this issue. This quality improvement project focused on identifying and proactively modifying specific risk factors for wound complications. The ultimate goal of the initiative was to achieve zero incidence of SWI in post-cardiac surgery patients before the start of the 2018 fiscal year.

**Methods:** In November 2016 a multidisciplinary workgroup was formed to implement evidenced based strategies to improve the SWI rate for OHS patients. A series of interventions were implemented and included: (a) enhanced education of high-risk patients and the staff responsible for their perioperative care; (b) postoperative wound management of chest tube sites; (c) standardizing operative room (OR) cleaning schedules; and (d) direct observations by OR management to ensure practice compliance.

The Infection Control team and members of the Quality Resources Department were responsible for identifying and trending cardiac surgical site infections (SSIs). SWI rates were reported on a bi-monthly basis to the Heart Surgery Taskforce as part of the Heart and Vascular Balanced Scorecard. A summary of identified opportunities for improvement and project updates were regularly provided to the group.

Preoperative cardiac surgical patients were identified throughout the Health Network and were prioritized to be centrally placed on the Cardiac Nursing Unit (CNU). This allowed for further standardization of preoperative SWI reduction practices. Patient care assistants were trained and instructed to perform appropriate hair clipping and preoperative bathing technique on patients scheduled for OHS. According to our new protocol, hair removal was to be completed outside of the OR, with the arms of the staff performing the surgical site preparation being fully covered. Bed linens were changed daily and use of disposable ECG leads and blood pressure cuffs was mandated.

An audit of OR practices related to room cleaning and equipment sterilization was performed. Cycle cleaning practices were revised so that wall clutter was minimized during the cleaning process. OR traffic patterns were revised to limit the number of people entering the operating room. Finally, OR temperature/humidity were monitored to ensure strict and appropriate environmental levels/ranges.

Use of Acticoat™ (Smith and Nephew, Andover, Massachusetts, USA) dressings was stopped after the product was discontinued by the manufacturer. Mepilex™ (Mölnlycke Health Care, Gothenburg, Sweden) dressings were briefly used as a replacement; however, they were also abandoned due to adherence issues. Ultimately the decision was made to use a silver impregnated dressing on surgical sites.

Outpatient practitioners were tasked with identifying wound complications associated with tube thoracostomy (TT) removal sites early when patients presented to the outpatient CTS office for their scheduled follow-up visits. To minimize the risk of infection, silver impregnated dressings were also applied to the TT incisions and patients were discharged from the hospital with a care package including the Hibliclens CHG (chlorhexidine) soap, disposable wash cloths, as well as instructions on completing the Hibliclens bath. Post-discharge phone calls were completed to assess individual patient progress. Nursing staff inquired about the appearance of all surgical sites, and reviewed proper utilization of the CHG soap provided at discharge. Post-discharge calls also addressed blood glucose management and nutrition at home. Patients who contacted the office regarding any type of surgical site/incision-related issue were brought into the office for a visual inspection of incisions.

Strategies were deployed to ensure diabetic OHS patients had access to appropriate glucose control tools and education. Endocrinology consultations were obtained postoperatively and diabetic diet orders were placed in the electronic medical record (EMR) for all diabetic patients. Patients were educated in the importance of remaining on insulin therapy after discharge to help reduce their risk of developing a SSI. The case management and pharmacy teams ensured that patients had appropriate insulin therapy supplies and ability to readily obtain prescriptions.

**Results:** In July 2017, 1 sternal wound infection was identified for the National Healthcare Safety Network (NHSN) -- CABG procedure category. The CABG SIR (Standardized Infection Ratio) from July 2017 to December 2017 was 0.483 \[[Figure 1](#F5){ref-type="fig"}\]. From December 2016 to December 2017, there was an overall reduction in the CABG SIR Rate of 70%. There were no further sternal wound infections noted between August 2017 and May 2018 for the NHSN -- CABG Rate. Additionally, no SWIs were noted for the valve procedures between September 2017 and May 2018. The team reached their goal of zero reported CABG and valve procedure SSIs in August 2017 and September 2017, respectively \[[Figure 2](#F6){ref-type="fig"}\].

![Coronary artery bypass graft Standardized Infection Ratio performance pre and post intervention](IJCIIS-9-206-g005){#F5}

![Open heart surgery National Healthcare Safety Network surgical site infection data](IJCIIS-9-206-g006){#F6}

**Discussion:** Superficial and deep surgical wound infections following cardiac surgery are potentially serious complications and are associated with increased morbidity and mortality.\[[@ref22][@ref23][@ref24]\] Pre-operative, intraoperative, and post-operative strategies have been utilized to significantly decrease the associated risk of these infections.\[[@ref30]\] At the time of this quality improvement initiative, SLUHN\'s OHS-specific financial data could not be obtained. A review of the literature was completed to determine the national average of additional per-case costs associated with the development of mediastinitis following OHS.

Among key drivers of quality for national healthcare networks is the phasing out of reimbursement for expenses accumulated secondary to the treatment of deep SWIs, including post-CABG events, by the US Centers for Medicare and Medicaid Services.\[[@ref30]\] These costs can be substantial, with one study reporting that the additional financial burden associated with mediastinitis ranged from \$19,000 to \$56,000 per case.\[[@ref31]\] Extrapolating from these data, the estimated cost savings associated with the 7 identified mediastinitis cases at SLUHN may range between \$133,000 and \$392,000. A similar quality improvement study from Georgia demonstrated the elimination of post-CABG deep SWI after implementing strict perioperative measures.\[[@ref26]\] The same report also noted a decrease in saphenous vein donor SSI incidence from 3.74 to 0.7 per 100 procedures, with an eventual reduction to "zero incidence." After completion of 590 surgeries, it is estimated that these changes in clinical practice led to \$600,000 in savings over a 30 month period.\[[@ref26]\]

Our institution (SLUHN) participates in the STS (Society of Thoracic Surgeons) clinical outcomes registry. The registry tracks nationwide quality and performance data for all open-heart procedures. Hospitals have the ability to benchmark their data against other participating facilities in the nation. STS members voluntarily agree to publicly report their data and in exchange, they are given a star rating assigned biannually. The highest possible score for a hospital is the "3 stars" rating. SWI rates following OHS are a key marker of quality and help determine the star rating. As a result of the current initiative, the CTS team was awarded 3 stars for CABG, and 2 stars for aortic VR (AVR) and CABG with AVR.

Of note, NHSN has two defined procedure categories in regard to OHS. More specifically, NHSN -- CABG data is collected for CABG procedures, and NHSN -- CARD data pertains to VR procedures. Within these categories, the contributions of patient and facility factors are considered when the standardized infection ratio (SIR) is calculated. The SIR is used to track hospital acquired infections over time. In 2016, 2 CABG SWI\'s were reported to NHSN, resulting in SIR of 1.625 \[[Figure 1](#F5){ref-type="fig"}\]. In the first 6 months of 2017, 2 SWI\'s were identified for the CABG population with SIR of 0.796.

During the implementation phase of the project, we deployed a variety of key quality and safety measures. This included the use of CHG showers the night before surgery and strict blood glucose control in diabetic patients.\[[@ref25]\] Although this manuscript was not designed to assess the impact of individual perioperative modifications on patient outcomes, similar results have been reported in the literature describing the use of a multifactorial approach.\[[@ref27]\] The CTS team strives to be in the top decile performance range of the SIR classification. Application of the above-mentioned perioperative strategies enabled SLUHN to reach the top decile NHSN benchmark with a CABG SIR of 0.00 by the conclusion of the reporting period.

This report has certain limitations. Most importantly, we presented a single-center, retrospective analysis, which may not be readily translatable to other medical centers. Additionally, we noted some heterogeneity within our diabetes education and control outcomes. Consequently, emphasis was placed on empowering CTS team members to help improve patient compliance with insulin therapy as a conduit to reducing SWIs. This continues to be an active area of our focus, including detailed tracking of key diabetic endpoints on an ongoing basis. Lastly, due to the multiple variables contributing to individual outcomes, it is difficult to ascertain which interventions were pivotal to decreasing SWIs. Identifying the specific factors that play the largest role in predisposing patients to SWIs could lead to further and more targeted improvements in our processes and practices. The outcomes demonstrated here, however, suggest that defining a strict perioperative OHS protocol, can have a profound impact on the incidence of SWIs.

**Conclusions:** Sternal wound infections are serious, costly, and potentially avoidable complications of OHS. By implementing structured perioperative protocols and interventions, we were able to significantly reduce SWI rates in the OHS population at our University Hospital. The changes that were integrated into our perioperative care protocols will continue to be monitored and the rates of SWIs will continue to be reported on a bi-monthly basis. Prevention of SSIs remains a top priority for the CTS team. Our current effort led to significant improvement in key process outcomes, resulting in a "3 star" rating for CABG procedures.

ABSTRACT NUMBER 3: High Observation Trauma II Algorithm for Patients with Traumatic Brain Injury
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**Introduction:** In 2004, the World Health Organization (WHO) Collaborating Center for Neurotrauma Prevention, Management and Rehabilitation Task Force on Mild Traumatic Brain Injury (WHO Task Force) published what was proposed as a standardized definition of mild traumatic brain injury (mTBI).\[[@ref32]\] The WHO Task Force defined mTBI as an acute traumatic head injury resulting in a Glasgow Coma Scale (GCS) of 13 -- 15 sustained beyond 30 minutes following insult or arrival to a healthcare facility, plus at least one of the following: confusion or disorientation, loss of consciousness \<30 minutes, post-traumatic amnesia \<24 hours, and/or other transient neurologic abnormalities such as focal signs, seizures, and intracranial lesions not requiring surgery.\[[@ref32]\] The need for a standardized, common language as to what mTBI is, stems from the fact that 70-90% of all TBI\'s are classified as mild, contributing to as many as 100-300/100,000 new hospital treated cases each year worldwide.\[[@ref33]\] Due to the definitional variability of mTBI in the literature, it comes as no surprise that treatment strategies have also varied.\[[@ref34]\]

Our Level I trauma center has historically admitted mTBI patients defined as having a GCS \>14 and a positive computed tomography (CT) scan (i.e., intracranial hemorrhage) to an intensive care unit (ICU) for hourly neurologic assessments. However, recent literature suggests that a significant proportion of these patients may not require monitoring in an ICU setting. A meta-analysis of 49 primary studies, which included patients with mTBI and a GCS 13-15, showed rates of clinical deterioration, neurosurgical intervention and death of 11.7%, 3.5% and 1.4%, respectively.\[[@ref35]\] Data from a retrospective review of our institutional trauma registry suggested that few of these patients deteriorate clinically and a majority of patients have an ICU length of stay (ILOS) \<1 day. Consequently, we devised and implemented the High Observation Trauma (HOT) policy in 2009 for a select patient population at St. Luke\'s University Hospital Bethlehem (SLUHB). The initial patient group included those with isolated mTBI as defined by our criteria, no history of abnormal clotting or coagulation disorders, and absence of any antiplatelet or anticoagulation therapy. After six years of successful implementation and management, in 2015 a multidisciplinary team was convened to take our findings to the next level in what we referred to as HOT II. The new inclusion criteria would now include the addition of trauma patients who presented with mTBI while on aspirin, clopidogrel, or warfarin. The need to expand upon our earlier institutional protocol came from the understanding that although nearly 99% of mTBI patients are managed nonoperatively, a uniformly accepted standardized protocol for managing these patients does not yet exist.\[[@ref36][@ref37]\]

A retrospective review of our annual admissions determined that 38% of trauma patients admitted with an mTBI in the setting of prescribed antiplatelet or anticoagulation therapy met HOT II inclusion criteria. Our team identified the opportunity to improve care for mTBI patients while reducing hospital resource utilization and lengths of stay (HLOS). This quality improvement study sought to reduce HLOS while optimizing the utilization of critical care resources and ILOS in the mTBI patient population by changing the current admission practice patterns.

**Methods:** Prior to implementation, patients with mTBI were treated according to department guidelines for High Observation Trauma (HOT). Under this policy, patients with an mTBI could be admitted to general inpatient floor if they had a GCS of 14-15, no significant injuries, were not taking an anticoagulant medication, and had no abnormal clotting parameters. A positive head CT did not constitute an automatic exclusion from these guidelines. Under the new HOT II policy implemented in 2015, patients taking aspirin, clopidogrel, or warfarin, were also considered eligible for inclusion. Care for these patients was evaluated by a multidisciplinary team of trauma leadership, physicians, advanced practitioners, nursing administration, nurses, and educators in the development of the HOT II admission policy.

A retrospective review of 150 mTBI patients was first performed to determine baseline data, including patient volume and staffing needs estimations. Data was taken from Trauma Collector Registry, a commercial software database program mandated by the Pennsylvania Trauma Systems Foundation (PTSF, Harrisburg, Pennsylvania, USA). The following data elements were analyzed: Date of admission, age, GCS, Injury Severity Score (ISS), admission destination, ILOS, HLOS, mortality, and pre-admission type of antiplatelet and anticoagulant therapy. This data exploration showed that 50% of the patients were prescribed a reversible anticoagulant, 38% of whom would meet updated admission criteria. The volume of trauma patients meeting proposed HOT II parameters was estimated as 1.2 patients per week. Early concerns raised by nursing staff regarding staffing, training, and general support were resolved with administrative support and extensive education. Patients were to be admitted to general care, with a maximum 1:4 nurse-to-patient ratio. Nursing education was provided via online learning, as well as a tip sheet. For patients admitted under HOT II protocol, hourly neurologic checks were conducted over 24 hours by nursing staff. This included pupillary assessment, GCS determination, muscle strength assessment, and orientation. Instructions on how to proceed in case of any acute change(s) in neurologic status were included with the tip sheet. Data were collected using the aforementioned Trauma Collector Registry database, with an additional user-defined element added to track the patients. Real-time chart reviews were done to provide direct support and education to the nursing teams and ensure appropriate patient assessments.

**Results:** Two cycles of protocol-specific changes were implemented over 15 months. After 6 months of utilizing the policy, results were reviewed and found to support the continuation of the policy. Neurologic checks were completed 93% of the time. However, there were opportunities to improve neurologic check compliance in the emergency department (ED). This was addressed by distributing the HOT II nursing education to the ED nursing staff. Cycle two showed that neurologic check completion improved to 97%. Another area to address was an increase in brain CT scans per patient admission from 1.61 to 1.86 (note: this included a proportion of unnecessary "recheck" follow-up scans). The data from the initial quality assessment cycle were shared with physicians at both our group practice and trauma multidisciplinary performance improvement meetings. Following these meetings CT scan utilization appropriately decreased to 1.38 per patient. After cycle two was completed, the HOT II policy remained in place. Descriptive statistics of health care utilization and financial savings are summarized in Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}.

###### 

Initial proposed high observation trauma II analysis

  Parameter                   Comparison group (1/1/15-6/14/15)   HOT II (6/15/15-12/15/15)   Change from initial data
  --------------------------- ----------------------------------- --------------------------- --------------------------
  Number of patients          28                                  29                          
  Average age                 75.63                               80.17                       
  Average ISS                 9.41                                10.34                       0.93
  Average HLOS                3.71                                3.55                        −0.16
  Average ILOS                1.25                                0                           −1.25
  Average CTH per admission   1.61                                1.86                        0.25

ISS: Injury severity score, HLOS: Hospital length of stay, ILOS: Intensive care unit length of stay, HOT: High observation trauma, CTH: Computed tomography - Head

###### 

Financial savings in first 6 months of high observation trauma II

  Metric          Change              Savings (\$)\*
  --------------- ------------------- ----------------
  ILOS            1.25 day decrease   580,218.00
  HLOS            0.16 day decrease   57,498.00
  Head CT scans   0.25 increase       24,592.00
  Total                               662,308.00

\*Total estimated savings annualized. ILOS: Intensive care unit length of stay, HLOS: Hospital length of stay, CT: Computed tomography

###### 

Analysis of high observation trauma II project

                              Comparison group (1/1/15-6/14/15)   HOT II (6/15/15-5/1/18)   Change from initial data
  --------------------------- ----------------------------------- ------------------------- --------------------------
  Number of patients          28                                  231                       
  Average age                 75.63                               78.49                     
  Average ISS                 9.41                                11.49                     2.08
  Average HLOS                3.71                                3.12                      −0.59
  Average ILOS                1.25                                0.14                      −1.11
  Average CTH per admission   1.61                                1.38                      −0.23

ISS: Injury severity score, HLOS: Hospital length of stay, ILOS: Intensive care unit length of stay, HOT: High observation trauma, CTH: Computed tomography - Head

We noted that our primary goals of ILOS, HLOS, and cost reduction were met within the first six months of implementation \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\], and were subsequently sustained. During the first 6 months HLOS and ILOS decreased by 0.16 days and 1.25 days respectively \[[Table 1](#T1){ref-type="table"}\] resulting in significant estimated cost savings \[[Table 2](#T2){ref-type="table"}\]. Average ISS increased during the 6 months from 9.41 to 10.34. The HOT II policy also led to longer-term, sustainable results. More specifically, after 3 years, HLOS and ILOS decreased an average of 0.59 and 1.11, respectively \[[Figure 1](#F7){ref-type="fig"} and [Table 3](#T3){ref-type="table"}\]. This resulted in estimated health care cost related savings of nearly \$6 million \[[Table 4](#T4){ref-type="table"}\]. Since implementing the policy there have been no mortalities reported in the HOT II patient group.

###### 

Long-term financial impact of high observation trauma II protocol implementation

  Metric          Change              Savings (\$)\*
  --------------- ------------------- ----------------
  ILOS            1.11 day decrease   4,104,098.00
  HLOS            0.59 day decrease   1,688,633.00
  Head CT scans   0.23 decrease       180,216.00
  Total                               5,972,947.00

\*Total savings annualized. ILOS: Intensive care unit length of stay, HLOS: Hospital length of stay, CT: Computed tomography

![Patient and healthcare utilization over 3 years](IJCIIS-9-206-g007){#F7}

**Discussion:** Previous publications have highlighted the variations in management guidelines for patients with mTBI.\[[@ref37][@ref38]\] In this report, we demonstrated that the HOT II guidelines were successful in reducing HLOS, ILOS, and unnecessary head CT scan use, without affecting patient morbidity or mortality. Other studies have shown that mTBI can be managed in general inpatient settings instead of the ICU, without over-reliance on repeat cranial CT scans.\[[@ref39][@ref40][@ref41]\] Moreover, several retrospective studies suggest that patients with a mTBI while on anticoagulation may not be at increased risk of intracranial bleeding or related complications.\[[@ref42][@ref43][@ref44][@ref45]\] Consistent with this previously published evidence, the implementation of the HOT II protocol at our institution helped standardize and optimize management guidelines for patients with mTBI and active anticoagulation status.

In the current analysis, two key findings became apparent after implementing the HOT II protocol. Firstly, the utilization of healthcare resources became more optimal. Secondly, there was no associated increase in patient morbidity or mortality. Moreover, there was a decrease in HLOS, ILOS, as well as the average number of head CT scans per patient. This resulted in a significant savings over a 3-year period, or an estimated \$6 million in a single-institution setting. At the same time, the observed increase in ISS indicates that the observed reduction in cost-of-care was not attributable to lower overall severity of injuries.

Identification and remediation of potential barriers to HOT II protocol implementation was critical to the project\'s success. Through discussions with nursing staff, concerns were raised regarding the staffing resources and the provision of appropriate level of training. By ensuring a nurse-to-patient ratio of 4 to 1, staffing resources were readily accommodated. Nursing knowledge and skills were successfully addressed through educational handouts and sessions provided to staff. After the completion of the initial phase of the project, areas for potential improvement were identified. An opportunity was identified in the ED, including evidence of non-compliance with regularly performed neurological checks. To address this, ED nurses received the same training materials provided to the inpatient nursing staff. This resulted in increased compliance, from 93% to 97%. Another area of opportunity involved the number of CT scans performed. In the first 6 months of this quality improvement project, the number of head CT scans per patient increased. Physicians were more likely to order multiple CT scans due to concerns for patient complications that might go unnoticed outside of the ICU. However, by sharing the project outcomes with a team of physicians, the number of unnecessary CT scans normalized to pre-implementation baseline.

The current report has several important limitations. First, this is a single-institution, retrospective review of outcomes in a narrowly defined group of mTBI patients. Thus, it may not be readily applicable to other TBI scenarios and/or settings. Second, we only examined patients who were either naive to antiplatelet and anticoagulant therapy or were taking aspirin, warfarin, or clopidogrel. Due to the growing number of patients now taking novel oral anticoagulants, future investigations including this patient population will be needed to better reflect the changing anticoagulant trends in our trauma population. Such future endeavors may help guide the development of a standardized protocol for the optimal management of mTBI patients taking novel anticoagulants. Third, we only observed patients up until the time of discharge, with limited outpatient follow-up. It would be beneficial to evaluate longer-term results of our patient cohort. More extensive post-discharge follow-up may help elucidate any late complications, factors associated with readmissions, as well as the appropriateness of anticoagulation in conjunction with optimal timing of re-starting anticoagulation.\[[@ref46]\]

**Conclusion:** Following the implementation of HOT II protocol developed at our Level I Trauma Center, we were able to effectively address important questions regarding level-of-care and clinical optimization of clinical management for patients with mTBI who were receiving either aspirin, warfarin, or clopidogrel at the time of their injury. Under the guidelines set forth, we were able to reduce the need for ICU admissions, HLOS, and overall cost of hospital care. Further work is warranted in this important area of clinical investigation, including the incorporation of patients receiving direct oral anticoagulants (DOAC) or non-vitamin K oral anticoagulants (NOAC) into our existing paradigm.
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**Introduction:** Chest pain (CP) is the second most common chief complaint in the Emergency Department (ED) accounting for 8-10 million ED visits annually.\[[@ref47][@ref48]\] The importance of CP as a high-volume chief compliant becomes apparent when one considers that 20-25% of patients with CP may fall into high-risk acute coronary syndrome (ACS) scenario with 39% categorized as low risk patients and the remaining group falling into a moderate risk stratum.\[[@ref47][@ref49][@ref50][@ref51]\]

Over the past 20 years, there have been substantial work flow improvements that allow for increasingly more accurate and rapid identification of low-risk patients, which can help with shifting focus to the high risk patients. These methods rely largely on rapid risk stratification using various scores, such as the HEART (history-electrocardiogram-age-risk factors-troponin); GRACE (Global Registry of Acute Coronary Events); and TIMI (thrombolysis in myocardial infarction) scores.\[[@ref52]\]

Obtaining a thorough history is of critical importance in the initial ED evaluation of CP patients, which includes an accurate description of the chest pain, associated anginal symptoms, history of coronary artery disease, and presence of any additional risk factors. While certain classical characteristics may be concerning for ischemic CP, approximately one-third of patients with myocardial ischemia will present with atypical symptoms.\[[@ref53]\] Combining the historical information with cardiac biomarker testing and electrocardiography (ECG) allows clinicians to accurately stratify patients into high-, intermediate-, and low-risk groups. Appropriate risk stratification allows for additional targeted diagnostic testing, such as serial cardiac markers and more definitive imaging.

While risk factors for coronary artery disease can help identify at-risk patients, they do little to predict the actual occurrence of an active cardiac event. The evaluation for active ischemia starts with an ECG because it is inexpensive, noninvasive, and can be performed rapidly. An ECG can promptly diagnose ST elevation MI and reveal ischemic changes not rising to the level of STEMI. Unfortunately, an ECG within normal limits alone is insufficient to rule out active ischemia. In addition to the ECG, serial cardiac biomarker measurement (specifically troponin) is recommended to aid in the detection of active ischemia. Even in the presence of a "normal" ECG, the detection of elevated troponin levels is highly sensitive for cardiac ischemia.

After a cardiac injury, serum troponin levels become detectable in the patient\'s circulation within 2 to 3 hours of chest pain onset. Levels will continue to rise and peak between 12 to 48 hours. In most individuals, serum troponin levels return to baseline (0 ng/ml) anywhere between 4 to 10 days. Due to the 2 to 3 hour delay in initial serum troponin elevation repeat testing is essential if the patient had a chest pain episode within 3 hours of presenting to the ED. The expected delayed elevation, peak and decline of serum troponin is a key factor in the diagnosis of myocardial infarction when distinguishing this from other causes of elevated troponin levels.\[[@ref54][@ref55]\]

Since initial ECG findings are present in only 5% of cases, additional diagnostic modalities may be required.\[[@ref47][@ref48][@ref49][@ref50][@ref51][@ref52][@ref53]\] There are two pathways that can be used to assess further work-up of CP. An early assessment pathway used for high-risk patients includes use of echocardiography (to identify regional wall motion abnormalities).\[[@ref53]\] Other diagnostic tests performed in high-risk patients include cardiac magnetic resonance (MR), coronary computed tomographic angiography (CTA) with resting single photon emission CT (SPECT) and cardiovascular magnetic resonance (CMR) imaging. The second pathway is referred to as the "observational pathway," and it involves serial analysis of cardiac biomarkers to rule in or out ACS. Patients within this pathway are usually admitted for observation, including the performance of a diagnostic echocardiography, which has a negative predictive value (NPV) of 82% to 98% for acute MI (AMI).\[[@ref53][@ref56]\]

Low-risk CP patients that are admitted for observation for \>24 hours or admitted for diagnostic work-up may be considered to represent suboptimal utilization of hospital resources. With risk stratification scores such as HEART having a negative predictive value of 97-99% and serial troponin associated with NPV of 99.5%, there exists a substantial opportunity to better manage low risk patients.\[[@ref47][@ref48][@ref49][@ref57]\]

In 2009, the Centers for Medicare and Medicaid Services (CMS) stated that patients can be categorized under "observation" status if they were in the hospital for 48 hours or less. Patient stays \>48 hours are considered "inpatient stays". This time constraint is especially difficult when it comes to managing CP patients. With low-risk CP patients there is high chance of exceeding the allotted observation time as one awaits diagnostic test results (echo, troponin, etc.). Thus, we implemented targeted strategies to expedite echocardiograms and increase ordering of outpatient echocardiograms.\[[@ref58][@ref59]\]

**Methods:** This was a quality improvement (QI) project focused on reducing the duration of clinical observation in ACS patients. We obtained data from software Insights® (CLINclient, Austin, TX) that provided detailed information on all patients with CP. We used the APR-DRG (All Patients Refined Diagnosis Related Groups) code 203 to identify all CP patients that were admitted to the ED, observation, or inpatient. We then narrowed our data pool to only include patients admitted to observation. The data were obtained for the following time periods: (a) prior to intervention (June 2016-November 2017) and (b) post-intervention (January 2018-June 2018). An order set, workflow, and educational directives were created and used to educate our staff regarding management of low risk cardiac patients. The order set and educational interventions were introduced during the months of November and December 2017 (e.g., the transition period).

Using guidelines set by the American College of Cardiology (ACC) and the HEART score, we asked staff to stratify patients with CP into low-risk and high-risk categories. The full set of criteria used to define low-risk patients are listed in [Table 1](#T5){ref-type="table"}. Accompanying flow diagram is shown in [Figure 1](#F8){ref-type="fig"}. After the decision was made to place a patient in observation we initiated the order set associated with either Low-Risk ACS or High-Risk ACS. This included serial troponin assessments, bedside evaluation for changes in clinical status or symptoms, and continuous ST-segment monitoring. Data were re-assessed in June 2018 to identify the effect of the intervention. We used Microsoft Excel® (Redmond, Washington, USA) to calculate the descriptive statistics. Student\'s *t*-test was utilized to analyze differences between normally distributed groups, with significance set at α=0.05.

![This figure shows the standardized workflow introduced to both Emergency Department and admitting physicians](IJCIIS-9-206-g008){#F8}

###### 

Criteria utilized to identify patients classified as low-risk for acute coronary syndrome

  --
  --

In the absence of all listed criteria, patients can be reasonably placed in low risk category. ACS: Acute coronary syndrome, TIMI: Thrombolysis in myocardial infarction, LVEF: Left ventricular ejection fraction

**Results:** Data collected prior to the intervention (July 2016-November 2017) showed that the average duration of observation for CP was 25.47±2.56 hours. Within 2 months of the intervention, we were able to decrease the average duration of observation to \<24 hours. After intervention, we collected data from 1,276 patients with 289,369 hours of total observation between January 2018 and June 2018. After the interventions had been implemented, the average duration of observation between January-June 2018 decreased to 20.69±2.14 hours. When comparing mean observation hours in the first 6 months of 2017 to the first 6 months of 2018, there was a statistically significant decrease in the duration of CP observation \[p\< 0.004, [Table 2](#T6){ref-type="table"}\]. [Figure 2](#F9){ref-type="fig"} shows the mean monthly CP observation hours over time. [Figure 3](#F10){ref-type="fig"} shows the aggregate CP observation times pre-and post-intervention.

###### 

This table shows the significant decrease of chest pain observation hours post-intervention

              Average h
  ----------- -----------
  2017        
   January    27.6
   February   27.78
   March      22.77
   April      28.29
   May        27.4
   June       22.8
  2018        
   January    18.08
   February   19.45
   March      20.96
   April      22.97
   May        19.65
   June       23.58
  *P*         \<0.004

![This graph shows length of stay averages for each month and the decrease in length of stay after the implementation of our intervention (arrow)](IJCIIS-9-206-g010){#F9}

![This graph shows length of stay averages based on financial year. Based on the graph we can see that there is a decrease to \<24 h](IJCIIS-9-206-g011){#F10}

**Discussion:** There has been an increasing trend to reduce the length of stay among low severity patients to improve institutional operations and associated resource utilization/performance metrics.\[[@ref60][@ref61]\] Previously published ED data indicate that CP is consistently within the top 10 complaints for admission.\[[@ref62][@ref63][@ref64][@ref65]\] It has also been noted that the work-up of CP can be costly, with up to \$12 billion spent annually across the nation.\[[@ref64][@ref66]\] The current QI project demonstrated that simple interventions, such as creating appropriate order sets and educating patient-facing staff, can make a significant impact.

Although our interventions may superficially appear simplistic and trivial, their implementation resulted in substantial reduction in hospital resource utilization and financial savings, without any appreciable effect on the quality of patient care. The current QI project followed pertinent ACC guidelines very closely, which was important in achieving our quality, safety, and resource reduction goals rapidly. More specifically, we were able to see sustained decreases in the duration of CP observation period within 2 months of programmatic implementation. Whereas prior to the implementation the average duration of observation was \>24 hours, the average post-implementation duration of CP observation decreased to anywhere between 18.1-23.6 hours. This allows us to meet the CMS cut-off for observation status in much greater proportion of cases.

When a patient has to be transitioned from "observation" to "inpatient" status, the cost of this change can range between \$1,000-\$2,200.\[[@ref67][@ref68]\] While there is no significant change in direct patient care, the expense that is incurred by both the patient and institution varies greatly. Previously published studies of similar scenarios demonstrate that a substantial opportunity for healthcare savings exists when the process is optimized to avoid unnecessary "observation" to "inpatient" transitions.\[[@ref69][@ref70]\]

The current report has some important limitations. First, our analyses are based on a retrospective review of a short-term, single-institution intervention. Thus, potential exists for biases inherent to this type of study design. Second, interventions described herein may not be readily applicable to other institutions and/or settings. Third, because we focused on the operational aspects of the CP observation process, our analyses did not include several important factors, such as individual patient acuity, demographics, and other clinical determinants that may be relevant to our primary outcomes.

**Conclusion:** By simplifying workflow, creating and streamlining a specialized order set, and educating staff we were able to reduce the mean duration of CP clinical observation hours by nearly 10%, sustainably ensuring patient discharge in \<24 hours. Associated non-trivial estimated cost savings were noted. The above were accomplished without compromising quality of care.
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**Introduction:** The Affordable Care Act of 2010 called for historic revisions to the health care delivery model. The Federal Government charged the Centers for Medicare and Medicaid (CMS) with developing and testing new payment models under the Centers for Medicare and Medicaid Innovation (CMMI) using the Triple AIM goals: (a) Improving the health of populations; (b) Improving the patient experience through quality and satisfaction; and (c) decreasing the per capita cost.\[[@ref71][@ref72]\]

Innovative models of care include Accountable Care Organizations (ACO), Bundle Payment for Care Improvement (BPCI), Medicare Shared Savings Programs (MSSP), and Patient Centered Medical Homes (PCMH). Historically, Medicare Fee-for-Service (FFS) care was not patient-centric, and has been associated with inefficient spending within the Medicare system. In response, BPCI was introduced in an attempt to encourage healthcare organizations to increase accountability for both acute and post-acute care (up to 90 days after hospital discharge) as a single episode.\[[@ref71]\] More specifically, the episode of care is defined as all Medicare services provided by an entity entirely owned or run by the admitting hospital in the 72 hours before admission, the hospital facility services delivered during the hospital stay, and services offered during the 90-day post discharge period (PDP) at any of the admitting hospital\'s locations.\[[@ref72]\] Incorporated in the 90-day PDP are inpatient hospital readmissions, skilled nursing facility (SNF) services, home health agency (HHA) services, inpatient rehabilitation facility (IRF) services, long-term care hospital services, hospital outpatient services, independent outpatient therapy services, clinical laboratory services, durable medical equipment, and Medicare Part B drugs and pharmacy services.\[[@ref72]\] One in five Medicare beneficiaries is readmitted to the hospital within 30 days of discharge while one in three is admitted within 90 days.\[[@ref73]\] Moreover, approximately two-thirds of medical patients and about half of surgical patients were readmitted or died within the first year following discharge. Also, the re-hospitalized patients stayed on average 0.6 days longer than patients in the same diagnosis related group (DRG).\[[@ref73]\] One recent study found that only 49% of patients had timely follow-up within 30 days, and those without follow-up were 10 times more likely to be readmitted.\[[@ref74]\]

According to the Medicare Payment Advisory Commission, 12% of readmissions were potentially avoidable, and an effective method of preventing even 10% of these readmissions could result in annual Medicare savings of \$1 billion.\[[@ref75]\] Actively assessing various models across different provider types, length of time of the bundle (30-, 60-, 90-days post discharge), as well as prospective versus retrospective payment strategy can help guide both the optimization of care and overall cost reduction.\[[@ref76]\] Within the US healthcare matrix, bundled payment programs offer unique prospect for developing interprofessional partnerships to transform the system of care and improve patient outcomes. Collaborative team approaches can foster a positive culture, which can improve care through cross-continuum support and incorporation of evidence-based best practices.\[[@ref71][@ref77]\] The aim of this quality improvement project was to decrease average SNF length of stay (LOS) to 20 days and decrease readmissions by 5% in the BPCI population by 2016 through building a robust, patient-centric, SNF network.

**Methods:** In 2013, members of the BPCI Executive Leadership and Post-Acute BPCI Committees analyzed pertinent referral patterns, CMS claims data, and CMS 5-star ratings. The team selected 16 area SNFs, sent requests for information (RFI), and met collectively to explain the program goals and to propose a collaborative framework to improve the quality and optimize care within the healthcare system. The customer-centric aspects of this initiative included the creation of a positive experience for the patients and families.

Out of the gate, six facilities elected to work collaboratively to improve the regional care of our Medicare FFS patient population. An additional 10 institutions participated in regular quarterly meetings, without fully joining the initiative. The overarching goal of the quarterly briefings was to discuss common areas of concern, such as handoffs/communication, transfer of information, and data sharing. Additionally, the meetings allowed for an open forum where facilities could offer what their "best practices" are at the time. It was also an opportunity for discussing basic operational concerns such as staffing, education and recruitment-related issues. The group\'s initial meetings included discussions of Practitioner Orders for Life Sustaining Treatment (POLST) and Nurses Improving Care for Health system Elders (NICHE). The team was truly interdisciplinary, including nursing, rehabilitation, marketing, and medical leadership. Targeted education and awareness campaign was provided for participating facilities.

In all, we developed eight clinical pathways for the most common co-morbid conditions seen in the SNFs which included. This included the pre-admission BOOST tool assessment \[[Exhibit 1](#E1){ref-type="fig"}\]; care planning incorporating BOOST metrics starting on arrival; 72-hour care plan \[including the length of stay (LOS) estimation\]; 72-hour meeting with the patient and family to share the care plan and discuss estimated discharge date(s); clinical assessment; discharge planning; and physician-to-physician hand-off involving high-risk patients.

![The pre-admission BOOST tool](IJCIIS-9-206-g012){#E1}

The physician team was led by the Chief of Geriatrics. The group focused on improving the quality of care and promoting patient centric outcomes, through setting the overall clinical strategy, post-acute care management goals, as well as providing the foundation of clinical performance and practice standards. Specific measures included the implementation of clinical pathways and initiatives that measure, assess and improve the quality and consistency of care delivered to all patients. Physicians were also involved in the interdisciplinary team meetings to address patients\' physical, medical and social needs. Physicians used the BOOST tool on admission \[[Exhibit 1](#E1){ref-type="fig"}\] to identify patients at risk for recurrent emergency department (ED) visits, hospitalization and increased LOS. Patients were monitored closely and managed aggressively for their clinical conditions. In addition, the group emphasized physician-to-physician handoffs on admission to SNF and other transitions-of-care. Finally, support was provided for nurse communication with on-call providers using the Situation, Background, Assessment, Recommendation (SBAR) tool, especially in the management of frail, complex elderly patients.

Staff development and educational initiatives led by providers were implemented to help reinforce nursing clinical skills in post-acute care. Our Health Network\'s congestive heart failure (CHF) and COPD coordinators also assisted in educating the SNFs on disease signs, symptoms, and management pathways. This included outreach to the SNFs regarding individual patients and weekly SNF visits by an advanced practitioner specializing in CHF. We also utilized a field registered nurse (FRN) that attended weekly utilization management meetings at the SNFs. This allowed the Network to have oversight of the patient care experience. The FRN was able to identify areas of compliance with pathways, clinical issues, and teaching opportunities that could be escalated to the Post-Acute BPCI Committee or Chief of Geriatrics as appropriate.

Institution\'s Home Health involved RNs in the discharge planning meetings at several SNFs. These meetings occurred prior to the patient\'s discharge, included each discipline reporting on the progress of the patient, and set individual patient goals ahead of return home. Some SNFs had meetings with the patient and family. Early in the BPCI process the meetings took an educational focus, where home health professionals assisted patients, families and SNF staff to understand what types of services home health could provide post-discharge. We also provided SNF patients with preferred provider lists, focusing on CMS 5-star rating and physician availability. Case managers received scripts to accurately describe the quality and outcomes of our preferred provider network.

It was also decided that all data would be reviewed by the Post-Acute BPCI Committee on a monthly basis via monitoring claims and manually collected SNF LOS information. Adherence to clinical pathways would be audited on a quarterly basis \[[Exhibit 2](#E2){ref-type="fig"}\]. Additionally, SNFs were required to submit pre-defined metrics \[[Exhibit 3](#E3){ref-type="fig"}\] on a quarterly basis, again focusing on identifying and tracking factors that may be associated with longer LOS and higher readmissions.

![Skilled nursing facility clinical pathway audit tool](IJCIIS-9-206-g013){#E2}

![Skilled nursing facility self-reported metrics (total of 2 pages)](IJCIIS-9-206-g014){#E3}

**Results:** In terms of general results, our team was able to achieve the stated goal of building a robust preferred SNF provider network. Within this network, providers achieved an average LOS of 18 days and a 90-day readmission rate of 27.4%. The SNF LOS decline has been sustained for an extended period \[[Figure 1](#F11){ref-type="fig"}\]. Similarly, the readmission rate has been maintained around 20-30% \[[Figure 2](#F12){ref-type="fig"}\]. There is noted variability in the readmission rate; however, it is well below the historic benchmark. When combined, the above results contributed to significant cost savings, well in excess of \$10 million (more detailed estimates are not available due to certain regulatory data sharing restrictions).

![Line graph showing quarterly skilled nursing facility length of stay performance. Since program inception, the average monthly length of stay has been consistently decreasing and remained well below adjusted historic (baseline) levels](IJCIIS-9-206-g015){#F11}

![Line graph showing quarterly skilled nursing facility readmission rates. Although variable, the results were consistently better than the adjusted historic baseline (horizontal green line)](IJCIIS-9-206-g016){#F12}

**Discussion:** As the healthcare regulatory and legislative landscape continues to evolve, there is need to update and optimize existing clinical pathways, with ongoing focus on generating value, quality, and better clinical results. The relative lack of integration among different teams, combined with inadequate communication among team members during transitions of care, can result in delays and suboptimal patient outcomes. Approaches to redesigning delivery of care involve the development of dedicated, patient-centric clinical pathways as well as the focus on optimization of patient experience. Innovations in care coordination highlight the development of effective longitudinal care models.

Besides developing eight clinical pathways designed to address the most common co-morbid conditions seen in the SNFs (pre-admission BOOST tool, care planning incorporating BOOST metrics starting on arrival, 72-hour care plan meeting incorporating LOS discussion, 72-hour meeting with the patient and family sharing the care plan and estimated discharge date, clinical assessment, discharge planning, and physician to physician hand-off on high risk patients), participating physicians also engaged in the interdisciplinary team meetings to address patients\' physical, medical and social needs. This resulted in significant improvement in patient care planning and coordination, and is thought to be a major contributor to decreased LOS and re-hospitalizations.

Physicians are perfectly positioned to identify patients at risk for recurrent emergency department (ED) visits, hospitalizations and increased LOS by utilizing the BOOST tool on SNF admission. The "Project BOOST" paradigm was established for use among clinicians, with an emphasis on ensuring patient-centered care, appropriate risk estimation, fostering teamwork, and ultimately achieving successful discharge process. As of 2013, more than 180 sites have implemented Project BOOST.\[[@ref78]\] Early data from six pilot sites that implemented BOOST revealed a reduction in 30-day readmissions from 14.2% to 11.2%, a 3% decrease and a 21% reduction in 30-day all-cause readmission rates.\[[@ref79]\] Piedmont Hospital in Atlanta described a 9.1% absolute reduction in re-hospitalization rate for patients \<70 years of age to just 3.97% from 13.05%. Readmissions for patients \>70 years of age were also reduced by 4.73%, to 11.17% from 15.9%.\[[@ref80][@ref81]\] Based on another health center experience in Missouri, significant drop in 30-day readmissions was accompanied by a substantial increase in patient satisfaction.\[[@ref79]\]

Initiatives such as physician-to-physician handoffs on admission to nursing homes or subsequent discharge to community; and nurse communication with on-call providers using the SBAR tool were used for the management of frail and medically complex elderly patients. This tool is intended to provide nurses with sufficient information to prevent uninformed and potentially dangerous actions, such as unnecessary tests, patient transfers, or other interventions. At the same time, SBAR empowers nurses to become more confident in their clinical evaluation, resulting in improved communication and collaboration among care team members.\[[@ref82][@ref83][@ref84]\]

Within our new paradigm, patients are monitored closely and managed proactively to optimize their clinical outcomes. Screening and identifying high-risk patients allowed our team to decrease exacerbations of chronic conditions, and thus associated complications. We also placed increased emphasis on palliative care discussions. Research indicates that supportive and palliative care can lower re-hospitalization rates and can lead to increased patient satisfaction.\[[@ref85]\] Home health care constitutes another important component that is critical to improving outcomes while reducing hospitalizations.\[[@ref86]\]

Staff development and education initiatives led by our providers have improved nursing clinical skills in post-acute care, enhancing both patient safety and quality of care. During earlier pilot studies, feedback was provided that teams saw their mentors as critical catalysts of change. It was noted that the customized mentoring was particularly beneficial and effective, and provided accountability while encouraging innovation.\[[@ref78]\] The enhanced mentoring model facilitating the sharing of knowledge and education with staff and case management offered yet another opportunity for early intervention to reduce re-hospitalization risk among high-risk patients.\[[@ref87][@ref88]\] This education also helps reinforce the concept that clinical goal completion can continue to occur at home, and can be facilitated through tasks carried out by the patient-caregiver-home visiting staff collaborative team.\[[@ref89]\] To corroborate this point, recently reported data show that the proportion of 30-day readmissions was higher among patients discharged to a SNF compared to patients discharged to home (27% vs. 21%, respectively).\[[@ref90]\] In another study, patients who received multidisciplinary education about their disease, physical therapy interventions, and dietary modifications, experienced nearly 50% lower 30-day and 90-day readmissions when compared to the non-treatment/control group.\[[@ref91]\]

As part of our overall intervention, the Preferred SNF network has been adopted by Care Network (CN) which includes over 1,300 physicians and advanced practice clinicians, as well as home health and durable medical suppliers. This high performing structure was developed to improve clinical outcomes, patient experience, increase operational efficiency, all while positioning the organization to succeed in the value-based reimbursement regime. In a retrospective case review looking at transitions-of-care in heart failure patients, the presence of \'transitionalist\' teams (board certified in Family Medicine with special training in CHF management) was highly effective in patient education, information sharing, and handoff communication.\[[@ref92]\] In fact, the same study demonstrated that 30-day, all-cause readmissions decreased significantly (4.1% from 26%) while 90-day, all-cause readmissions decreased from 69.8% to 27.3%.\[[@ref92]\] To accomplish its stated mission of improving health through prevention and chronic disease management, the CN invited participation from providers who share the same vision of high quality, cost efficient care, delivered in a patient-centered manner. As our CN looked to include post-acute care facilities, the decision was made to incorporate the BPCI preferred providers. The performance outcomes during the post-acute phase, monitored by the Post-Acute BPCI Committee and acted on by the preferred providers, naturally align with CN commitment to quality and care optimization.

As outlined earlier in this report, each patient was provided with an informational SNF packet, highlighting providers with CMS 5-star rating and availability. To operationalize this objective, case managers received specialized training that helped facilitate communication about the high quality and clinical outcomes within our preferred provider network. CMS star rating is an important tool that can help make informed care decisions, where a rating of 1 or 2 indicates "below average" performance and 4 or 5 indicates "above average" quality.\[[@ref93][@ref94]\] In one retrospective analysis, an inverse relationship was found between CMS star rating and incidence of readmissions in patients with total knee arthroplasty (TKA) and total hip arthroplasty (THA).\[[@ref95]\] Consequently, as the overall SNF star rating approached 5 stars, the incidence of all-cause 30-day readmissions decreased from 6.4% to 5.0% for TKA and from 9.1% to 6.2% for THA.\[[@ref95]\] Comparable trends were seen among patients who were followed up to 90 days, with relative reductions of 25.9% for TKA and 28.0% for THA. The usage -- and significance -- of star ratings is likely to increase as our healthcare system evolves towards the value-driven paradigm.\[[@ref96]\]

We also utilized FRNs that attended weekly utilization management meetings at the SNFs. This allowed the Network to maintain oversight, and input into, the patient care experience. The "overall staffing rate" measure was used to evaluate SNF nursing quality. It is a combination of "RN hours per SNF resident per day" and "total staff hours per SNF resident per day". It was previously reported that as nursing staff ratings improved, both 30-day and 90-day all-cause readmissions decreased in retrospective analyses of TKA and THA patients.\[[@ref95]\] Other reports corroborate the relationship between nurse staffing and favorable patient outcomes.\[[@ref97]\] A substantial proportion of readmissions have been attributed to lack of proper provider-SNF communication about discharge orders, especially in resource- and staffing-limited environments.\[[@ref98]\] In one randomized controlled study of readmissions, 23% of transfers were thought to be preventable and 36% could have been managed within the SNF, with estimated readmission "preventability" of between 31% and 39%.\[[@ref99]\]

Our current data demonstrate that we need to learn more about the various potential root causes for readmissions, up to and including the so-called social determinants of health. To address these important questions, we plan to re-assess our transitions out of the SNF and the utilization of the BOOST tool to develop a better understanding of some of the key nuances related to transitions-of-care within our SNF network. To that end, our ambulatory care management team continually develops new goals and targeted interventions to improve patient experience and quality of care within each 90-day episode. Additionally, we are looking at integration of the preferred home health network using a methodology similar to that used for our SNFs. This, it is hoped, might lead to enhanced harmonization of care and improved quality of life. Inherent to this approach is the expanded role of the patient and/or family members in providing such extended care. This will require significant educational efforts to enhance the understanding of the disease process and management.\[[@ref100][@ref101]\] Assisting the patient and family as one unit is imperative to delivering exceptional home care, especially in the context of transitions-of-care.\[[@ref101]\] Accordingly, we began constructing clinical pathways within Network Home Health and are actively planning the incorporation of ambulatory care managers into the established framework of weekly team meetings to better facilitate patient-centered care transitions.

Care coordination must be a continuous process that begins prior to acute illness, continues during the hospitalization, and seamlessly facilitates patient transition back into the community. The presence of seamless communication and collaboration between hospitals, home care agencies, geriatric specialists, primary care physicians, and SNFs will be critical to improving both processes and outcomes.

**Conclusions:** Measured benefits from CMS BPCI at our tertiary referral center include decreased LOS and a 90-day readmission rate, with corresponding substantial cost savings. Ensuring the implementation of clinical pathways and initiatives designed to assess and improve the quality and consistency of care is fundamental in improving patient outcomes, care quality metrics and overall cost-effectiveness.
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**Introduction:** Total joint Arthroplasties (TJA) are among the most widely performed elective surgeries in the United States, with over 1 million TJAs done each year.\[[@ref102]\] It is estimated that by 2030, there will be a \>170% increase in Total Hip Arthroplasty (THA) and a \>670% increase in Total Knee Arthroplasty (TKA), corresponding to an estimated 4 million patients undergoing a THA and 7.4 million undergoing a TKA.\[[@ref103][@ref104][@ref105]\] Medicare data from 1997-2009 show that \>50% of patients discharged from hospitals were sent to a rehabilitation facility and physical therapy (PT) costs rose during this period.\[[@ref106]\] By 2009, 40.5% of TKA patients and 40.8% of THA patients were discharged with home healthcare.\[[@ref105]\]

The Center for Medicare and Medicaid Services (CMS) created the Bundled Payments for Care Improvement Initiative (BPCI) to optimize costs and improve quality of care.\[[@ref103]\] The implementation of BPCI and shared risk programs resulted in declining reimbursements and an increased demand for high value care. This, in turn, necessitated better quality and cost-effective strategies for TJA. Discharge to a skilled nursing facility (SNF) as opposed to home discharge is associated with a significant risk of post-surgical complications and re-admissions, inclusive of patients with multiple medical co-morbidities.\[[@ref107][@ref108][@ref109]\] It was in this context that a concerted effort was made to reduce discharge rate to rehabilitation facilities. A review of literature established that implementing an Integrated Care Pathway (ICP) for TJA could help achieve high value care.\[[@ref110]\] Using data provided by Premier (Charlotte, North Carolina, USA) we created an ICP for TJA to coordinate the care continuum from the pre-operative surgical visit to final follow-up care.

**Aims and Objectives:** Baseline analysis of our hospital\'s TJA population data between September 2016 and May 2017 showed a discharge rate to rehabilitation facility (RF) of 25.9%. The goal was to reduce the hospital-to-RF discharge rate by 30% over a one-year period for patients who underwent elective TJA.

**Methods:** We examined TJA data for 8 months prior to our intervention -- starting September 2016 and ending May 2017 -- to identify our baseline discharges to RF. Additional baseline metrics of length of stay (LOS) and readmission rate were tracked before and after the intervention.

We identified key areas of opporunity including stakeholder buy-in, realignment of rehabilitation resources, the development of rehab-related multidisciplinary process maps \[[Figure 1](#F13){ref-type="fig"}\], and the implementation of a rehabilitation clinical pathway. Rehab-related education and communication processes were standardized, both in the context of the patient and the care team. Therapy Milestones and Mobility (TMM) tracker was introduced to motivate patients with their functional progress, to follow-up on patient or staff-related missed opportunities for mobilization, and to reinforce the expectation for discharge home. A Patient Rounding Tool (PRT) was used to track the patient\'s experience of rehab care.

![Pre and post-surgical process maps](IJCIIS-9-206-g017){#F13}

In order to set our goals, we compared our baseline data to the top 10% of hospitals nationally. The benchmark we strived to achieve after our intervention was: home health (HH) discharge rate of 54.5% and skilled nursing facility (SNF) discharge rate of 22.3%. Rehab rates include SNF and Acute Rehab Centers (ARC) discharge rates.

We also looked at readmission rate as a secondary outcome, with the expectation that readmission rates would decrease due to fewer complications, earlier mobilization, and decreased risk of morbidity. As one of our key interventions, we also adjusted therapy hours to provide afternoon and evening therapy options, from day of surgery to discharge. Additional staff was recruited to fill in when necessary. These extra resources facilitated increased patient care time, focusing on patients deemed to be high-risk for a RF discharge. A dedicated restorative staff member was assigned to work with this population, which was felt to improve both early and ongoing mobilization efforts, including both therapy and nursing staff interactions.

Therapists received specialized education on evidence-based practices in the acute care setting for patients with THR and TKR. Therapy students were mentored to research and disseminate current evidence-based practices for TJA. These measures provided a benchmark for standardization of care protocols and helped facilitate therapists\' skills and confidence in working with this population. Moreover, therapists worked closely with the Orthopedic Joint Care Coordinators to pre-operatively mitigate modifiable home setup and care support barriers for home discharge. The Post-Surgical Rehab Process Map \[[Figure 1](#F13){ref-type="fig"}\] helped therapists identify key elements of the clinical management continuum required to facilitate an optimal discharge to home instead of RF.

All discharges to RF were monitored proactively to identify missed opportunities. The team also introduced a tool to track therapy milestones and mobility for each patient. It consists of a simple list of various functional rehab interventions such as chair transfer, self-toileting, washing, ambulation distance, and stairs completion. Each task was checked off the day it was accomplished. This tool improved patient engagement by providing a visual way to track their progress, set functional goals, and reinforce the expectation of discharge home when appropriate goals are met. Nursing and restorative staff utilized this tool routinely when patients were mobilized out of bed for meals, to the bathroom, and for ambulation.

All members of the care team were instructed, whenever possible and reasonable, to reinforce patient expectations for a discharge to home. Therapists set rehab goals and proceeded accordingly. Any concerns regarding alternate discharge expectations from the therapist, patient, or family member were directed to the care coordinator. The care team worked collaboratively to mitigate all patient-related and medical barriers for a safe discharge home. Additionally, therapists were empowered to recommend an additional day of stay if that would facilitate a discharge to home.

**Results:** Our data for 2017 showed the RF discharge rate to be 25.9% while the discharge rate to home was 74.1%. During the same period, the readmission rate was 1.2%. Regarding our main objective, the target goal of this initiative was exceeded in 9 months. In comparison with the pre-intervention period, the post-intervention discharge rate to rehab fell by 57% and the discharge rate to home rose by 17% \[[Figure 2](#F14){ref-type="fig"}\]. Data also showed a significant reduction in the proportion of Medicare patients discharged to RF. These changes were consistently sustained, in line with the pre-determined benchmark of the top decile when compared to the observation period. Also, our re-admission rates fell by 65% during the intervention period while the observed LOS rose by 3%. Cost savings are difficult to calculate given the multiplicity of payers and payment terms. Based on a generalized calculation conducted in consultation with the finance and business analytics departments, a conservative estimate of approximately \$325,000 in shared savings throughout the continuum of care can be proposed.

![Discharge rates to home and rehab](IJCIIS-9-206-g018){#F14}

**Discussion:** Discharging a patient home when it is appropriately safe to do so may be one of the most effective ways to decrease readmissions and prevent unnecessary complications. In one study, even in the setting of significant medical co-morbidities, the risk of post-operative complications was sufficiently low that the majority of TJA patients could safely be discharged home instead of being sent to a SNF.\[[@ref111]\] Our study compared the pre-and post-implementation periods, demonstrating that the readmission rate fell by 65% and the readmission index fell by 71%.

In keeping with the "Six Aims for Quality" established by the Institute of Medicine, our overall goal for this project was to establish a patient-centered quality process that is equitable, timely, safe, efficient, and effective in reducing both costs and burden to patients and the healthcare system.\[[@ref112]\] The project team performed a root cause analysis, used benchmark data, created tracking tools, and succeeded in standardizing the process and creating a corresponding pathway. This helped improve patient and team education and communication, resulting in the decrease in discharges to RF. Our data shows a significant reduction in patient discharge rate to rehab between the pre-and post-implementation periods \[[Figure 3](#F15){ref-type="fig"}\]. Moreover, our nine-month results were sustained between the upper and lower control limits, demonstrating little variation in process during the tracking period. Overall, there was an increase in patients discharged home and a decrease in patients discharged to SNF, RF, or home health.

![Distribution of discharge rates: baselines compared to post project](IJCIIS-9-206-g019){#F15}

Despite longer hospital LOS, we believe that our interventions contributed to overall healthcare savings in the long run. This is because the resources required to ensure patient readiness for home discharge may lead to significant reduction of downstream costs associated with SNF, RF, or home health discharge. Consequently, this finding may influence a strategic shift in focus within our increasingly value-driven healthcare system, favoring a hospital-to-home discharge over minimizing the LOS.

This project has some important limitations that need to be mentioned at this time. First, it is a retrospective evaluation of a quality improvement process. Thus, biases inherent to this methodological approach are likely to be present. Second, we describe a single-institution experience, which may not be readily applicable to other organizations or settings. Finally, additional bias may be present due to variables not formally considered in the current analysis (e.g., patient acuity, baseline functional status).

**Conclusion:** Our data show that the implementation of a quality improvement process focused on maximizing patient independence and functional status effectively increased the proportion of discharges to home. The successful deployment of this initiative at our hospital serves as a template for standardization of orthopedic rehab-related processes in other similar settings. Moreover, it is an excellent pathway to improve patient and team education, as well as communication related to medical and rehab processes. Further research is warranted examining the effect of our intervention on Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) outcomes, especially as they relate to discharges home and to outpatient physical therapy facilities.
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